Abstract: Delayed-onset posttraumatic stress disorder (PTSD) is defined as onset at least 6 months after a traumatic event. This study investigates the prevalence of delayed-onset PTSD in 1397 participants from a two-phase prospective cohort study of UK military personnel. Delayed-onset PTSD was categorized as participants who did not meet the criteria for probable PTSD (assessed using the PTSD Checklist Civilian version) at phase 1 but met the criteria by phase 2. Of the participants, 3.5% met the criteria for delayed-onset PTSD. Subthreshold PTSD, common mental disorder (CMD), poor/fair self-reported health, and multiple physical symptoms at phase 1 and the onset of alcohol misuse or CMD between phases 1 and 2 were associated with delayed-onset PTSD. Delayed-onset PTSD exists in this UK military sample. Military personnel who developed delayed-onset PTSD were more likely to have psychological ill-health at an earlier assessment, and clinicians should be aware of the potential comorbidity in these individuals, including alcohol misuse. Leaving the military or experiencing relationship breakdown was not associated.
I dentification of delayed-onset posttraumatic stress disorder (PTSD) contributed to the development of the original diagnostic criteria of PTSD, initially termed ''delayed-stress syndrome'' (Jones and Wessely, 2007) . Estimates of prevalence show considerable variation, and some studies have found no evidence for it at all (North et al., 2011) . In a meta analysis across 11 countries, 25% of all PTSD cases were classified as delayed-onset PTSD (Smid et al., 2009) , with some evidence for a higher prevalence in US studies (Adams and Boscarino, 2006; Berninger et al., 2010) .
The diagnostic criteria of delayed-onset PTSD is that the onset of PTSD symptoms should occur at least 6 months after the traumatic event (DSM-IV; American Psychiatric Association, 2000) . There is little guidance as to whether the onset of symptoms refers to any PTSD symptoms or if it only refers to the full PTSD diagnosis, but a recent review showed that delayed-onset PTSD with a lack of previous PTSD symptoms was uncommon (Andrews et al., 2007) . Existing research on delayed-onset PTSD has predominantly used US data, with a dearth of prospective research in UK military samples. Some of the larger military studies have been anonymous, preventing longitudinal follow-up (Hoge et al., 2004 . Methodological issues with existing research on delayed-onset PTSD include the use of retrospective data (Andrews et al., 2009; Prigerson et al., 2001) , which is subject to recall bias (Raphael, 1987) , and timing of PTSD assessments and the delayedonset criteria; as in some studies, the first assessment occurred less than 6 months after trauma (American Psychiatric Association, 2000) .
In this article, we use prospective data from a two-phase cohort study in a UK military sample to examine a) the prevalence of delayedonset PTSD and the change in PTSD symptom score between phases, b) the sociodemographic, military, and psychological characteristics of delayed-onset PTSD, c) a cumulative measure of physical and psychological health as a predictive tool for delayed-onset PTSD, and d) whether a change in (psychological) health or marital status and leaving the military between phase 1 and phase 2 is associated with the development of delayed-onset PTSD.
METHODS

Study Design and Participants
Main Cohort
This cohort study included two phases of data collection, with the first phase taking place from 2004 to 2006 and the second taking place from 2007 to 2009 (Fear et al., 2010; Hotopf et al., 2006) . The first phase of the cohort study recruited approximately 10% of UK military personnel who had been deployed to the first phase of the 2003 Iraq war (Operation TELIC: UK military codename for the Iraq deployment, with TELIC 1 from January 18 to June 28, 2003) and a further sample of military personnel who had not been deployed to Iraq at that time.
Reservists were oversampled at a ratio of 2:1 and, in total, 10,272 participants responded (8, 686 Regulars, 1, 586 Reservists; 59% response rate; Hotopf et al., 2006) . There were 9,395 participants from phase 1 who were available for follow-up at phase 2 (Fear et al., 2010) , and 6,427 subsequently completed the phase 2 data collection (68% response rate). Response at phase 2 was associated with being older, female, an officer, and a regular at phase 1 but not with mental health status (Fear et al., 2010) . Ethical approval was granted by the Ministry of Defence (Navy) personnel research ethics committee and the King's College Hospital local research ethics committee.
At phase 1, participants received the questionnaire by mail, or they received a visit to their military base, depending on the size of the military unit (Hotopf et al., 2006) . The addresses used for the mail-outs were supplied by Defence Analytical Services and Advice (UK Ministry of Defence). There were three waves of data collection, and military tracing was undertaken with the assistance of the Ministry of Defence. At phase 2, there were two waves of data collection; the questionnaires were mailed out to the entire identified sample, and nonresponders were assigned a second mailing or a visit at their military base (Fear et al., 2010) . version (PCL-C; Weathers et al., 1994) ; cases were defined as individuals with a score of 50 or higher, referred to as probable PTSD (Fear et al., 2010; Weathers et al., 1994) , and subthreshold PTSD was defined as individuals with a score of 40 to 49 (Mylle and Maes, 2004) . Delayed-onset PTSD was defined as participants who did not meet the criteria for probable PTSD at phase 1 but met the criteria by phase 2. Normal-onset PTSD was defined as participants who met the criteria for probable PTSD at phase 1, regardless of PTSD status at phase 2. Symptoms of common mental disorder (CMD) in the ''last few weeks'' were measured using the General Health QuestionnaireY 12 (Goldberg et al., 1997) , with cases defined as individuals with a score of 4 or higher (range of scores, 0Y12). General health status was assessed using one item from the 36-item Short-Form Health Survey (Ware and Sherbourne, 1992) , with individuals rating their current health as ''poor'' or ''fair,'' compared with individuals rating their health as ''good,'' ''very good,'' or ''excellent.'' Multiple physical symptoms (MPS) in the ''past month'' were assessed using a checklist of 53 symptoms, with cases defined as individuals reporting 18 or more symptoms (Hotopf et al., 2006) . Typical alcohol use in the ''past year'' was measured by the 10-item World Health Organization Alcohol Use Disorders Identification Test (Babor et al., 2001) . A score of 16 or higher was used to define alcohol misuse (range, 0Y40; Fear et al., 2010) .
At phase 1, childhood adversity was assessed using two measures (Iversen et al., 2007) adapted from the Adverse Childhood Exposure study scale (Felitti et al., 1998) . The first assessed family relationship adversity: comprising four positive items that were reverse scored (e.g., ''I came from a close family'') and four negative items (e.g., ''I used to be hit/hurt by a parent or caregiver regularly''; Iversen et al., 2007) . These eight items were summed to form a cumulative measure and analyzed as 0, 1, and 2+ adversities. The second measure assessed childhood antisocial behavior, scored positively if participants answered true to ''I used to get into physical fights at school'' plus one of the following; ''I often used to play truant at school'' or ''I was suspended or expelled from school'' or ''I did things that should have got me (or did get me) into trouble with the police'' (MacManus et al., 2011) .
Sample for This Study
Several exclusions were made to the follow-up sample (N = 6427) to ensure that the outcome group met the DSM-IV diagnostic criteria for delayed-onset PTSD (American Psychiatric Association, 2000) . The inclusion criteria were a) participants must have PTSD data at both phases 1 and 2, b) participants must have a TELIC deployment before phase 1 data collection (conducted June 2004YMarch 2006 and the duration between the end of the TELIC deployment and phase 1 questionnaire completion should be greater than 6 months (delayed-onset is categorized as 96 months after trauma, and we measured this duration from the end of deployment) and cannot be longer than 5 years, c) participants should not have a deployment between the phase 1 and 2 data collections because it could provide an additional trauma exposure that introduces uncertainty on the time of onset of PTSD, and d) no history of PTSD reported at phase 1 (assessed by a self-report of ''ever experienced'' medical conditions) to ensure that PTSD had not developed after the TELIC deployment and then remitted by phase 1 data collection. One hundred thirty five participants were omitted from the follow-up sample as a result of the first criterion, with 3537 additional participants omitted using the second criterion, 1328 participants omitted using the third criterion, and 30 omitted using the fourth criterion. The final sample comprised 1397 participants.
Most of the sample (N = 1397) were male (89%), reported being married or in a long-term relationship (81%), were regulars (84%), and were holding lower ranks (81%). Two thirds of participants were serving in the Army (65%), with 18% in the Royal Air Force, and the rest, in the Naval services (17%). The characteristics for this sample are comparable with those for the original sample (N = 6427) (results not shown). The median time between the phase 1 and 2 assessments, in months, for this sample was 40.28 (interquartile range, 34.46Y44.65).
Data Analysis
Sample weights were created to account for the oversampling of reservists at phase 1 and to account for response at phase 2. Analyses were conducted in STATA 11.0 (StataCorp, 2009). All the analyses presented here used the survey command, and weighted means, percentages, and odds ratios (ORs) are presented in the tables with unweighted cell counts, other than the diagnostic tests and receiver operating characteristics (ROC) curve, which are not.
1. The weighted prevalence of delayed-onset PTSD was calculated, and t-tests were conducted to examine the difference between phase 1 and 2 symptom scores. 2. Logistic regression analyses were conducted to calculate unadjusted ORs for the associations between phase 1 variables and PTSD status in two sets of analyses (no PTSD [baseline] compared with delayed-onset PTSD; normal-onset PTSD [baseline] compared with delayed-onset PTSD). These analyses were adjusted for any significant variables from the unadjusted phase 1 analyses, other than the health measures (general health, CMD, MPS, and alcohol misuse), which were highly associated with each other. 3. A cumulative measure of physical/psychological morbidity at phase 1 was derived, comprising any phase 1 health measures that were significantly associated with delayed-onset PTSD: subthreshold PTSD, CMD, general health status, and MPS (range, 0Y4). Alcohol misuse was not included in this measure because it was not significantly associated with the outcome. ROC was used to examine the sensitivity and specificity of this cumulative measure to predict delayed-onset PTSD, and positive and negative likelihood ratios were calculated (Attia, 2003) . 4. Variables were created to reflect change in relationship and serving status and change in physical and mental health from phase 1 to 2. The change scores for CMD and MPS compared the negative change category (i.e., decline in health) to the remaining three categories (baseline category), due to low power in the original baseline category. Logistic regression analyses were conducted to calculate ORs for the associations between each of the change variables and the outcome (no PTSD compared with delayed-onset PTSD). Further models are presented for significant associations, adjusting for service, rank, deployment characteristics (''in a combat role'' and ''thought might be killed on deployment''), history of depression and anxiety, both measures of childhood adversity, subthreshold PTSD at phase 1 (which were all associated with delayed-onset PTSD in the unadjusted models), and phase 1 health measures other than those that formed the change variable. The phase 1 MPS measure was not adjusted for in any of the models because of the high association with the phase 1 measure of CMD.
RESULTS
Prevalence of Delayed-Onset PTSD
Of those who did not meet the criteria for probable PTSD at phase 1, 3.5% (n = 44; 95% CI, 2.4%Y4.6%) met the criteria for delayed-onset PTSD (Table 1) , representing 46% of all PTSD cases assessed at both phases 1 and 2 in this restricted sample. Twelve (27%) had previously met the criteria for subthreshold PTSD at phase 1. Fiftyseven participants reported probable PTSD with a normal onset (i.e., the onset occurred before phase 1 data collection), representing 54% of all PTSD cases at phases 1 and 2. Ninety-four percent of participants (n = 1213) who did not meet the criteria for probable PTSD at phase 1 still did not meet the criteria by phase 2.
Phase 1 and Phase 2 PTSD Symptom Profiles
At phase 1, the delayed-onset group reported a significantly higher mean PTSD symptom score than the no-PTSD group (weighted mean [SD] : No PTSD, 22.35 [6.82] vs. delayed-onset PTSD, 33.28 [9.23]; t = j7.39, p G 0.001). The mean PTSD symptom score remained stable at a low level for the no-PTSD group, decreased by approximately a third for the normal-onset PTSD group by phase 2, and approximately doubled in the delayed-onset PTSD group (Fig. 1) . The overall symptom burden across the groups remained fairly stable from phases 1 to 2 as the new onset delayed cases are offset by the normal-onset cases improving. A similar pattern was seen for the re-experience, avoidance and numbing, and hyperarousal subscales (figures not shown but available from the authors).
Phase 1 Sociodemographic, Military, and Psychosocial Characteristics of Participants Reporting no PTSD, Normal-Onset and Delayed-Onset PTSD by Phase 2 Table 2 shows that participants with delayed-onset PTSD were more likely to hold a non-officer rank, to have been in a combat role, and to have thought that they might have been killed while on deployment compared with participants with no PTSD. Delayed-onset PTSD was highly associated with having a history of depression, reporting CMD and MPS, and meeting the criteria for subthreshold PTSD at phase 1. Participants with either subthreshold PTSD, CMD, MPS, or ''poor''/''fair'' general health at phase 1 had a threefold increase in odds for delayed-onset PTSD, with an eightfold increase for those reporting three or four of these conditions. Participants with normal onset PTSD were significantly more likely to report CMD and MPS at phase 1 compared with those with delayed-onset PTSD.
Evaluating a Cumulative Measure of Physical/ Psychological Morbidity at Phase 1 as a Diagnostic Test for Delayed-Onset PTSD
The ROC curve showed that the optimum threshold was achieved using a cutoff of 0 vs. 1+ conditions (sensitivity, 75.0%; specificity, 72.1%; Fig. 2 ). At this threshold, the positive likelihood ratio of 2.7 was relatively low, and with a negative likelihood ratio of 0.4, there was also little accuracy to predict the likelihood of delayed-onset PTSD if the test was negative. Using a higher cutoff resulted in a considerable reduction in sensitivity, with an expected increase in specificity (Table 3 ). The area under the curve was 0.77 (95% CI, 0.69Y0.84), indicating that the cumulative measure overall has fair diagnostic accuracy (Fig. 2) .
Associations Between Change in Psychosocial Factors and Physical and Psychological Health From Phases 1 to 2 and Delayed-Onset PTSD by Phase 2
Leaving the military between phases 1 and 2 was associated with delayed-onset PTSD (Table 4) . However, this effect was no longer significant after adjustment for rank, deployment characteristics, history of depression, history of anxiety/panic disorder, childhood adversity, general health, alcohol misuse, CMD, and subthreshold PTSD at phase 1. After adjustment, self-reporting ''poor'' or 'fair' health at both phases 1 and 2 or reporting a decline in self-reported health from phase 1 to 2 was associated with an increase in the odds of delayed-onset PTSD. Participants who developed alcohol misuse also had increased odds of delayed-onset PTSD, and developing CMD or MPS between phases 1 and 2 was associated with approximately sevenfold increases in odds for delayed-onset PTSD after adjustment.
DISCUSSION
We found that delayed-onset PTSD, defined as the onset of probable PTSD at least 6 months after a traumatic event, exists in the UK military, representing nearly half of all PTSD cases assessed within our sample. Those who went on to develop delayed-onset PTSD already had more PTSD symptoms at an earlier assessment compared with those who did not develop probable PTSD, with evidence that delayedonset PTSD was more likely if a subthreshold level of PTSD symptoms had previously been reported. Delayed-onset PTSD was shown to develop in military personnel who already have a degree of physical or psychological morbidity. Furthermore, delayed-onset PTSD paralleled the onset of CMD and alcohol misuse, suggesting that co-morbidity is FIGURE 1. Graph displaying the mean PCL scores at phases 1 and 2 for the no-PTSD and normal-and delayed-onset PTSD groups. PTSD indicates posttraumatic stress disorder; PCL, PTSD Checklist. Models adjusted for service, rank, deployment characteristics (in a combat role, and thought might be killed on deployment), history of depression, history of anxiety/panic disorder, childhood adversity (childhood antisocial behavior and family relationship adversities), and subthreshold PTSD at phase 1.
likely in these individuals. We found little evidence that participants who left the military or experienced a change in their marital status were more likely to develop delayed-onset PTSD.
The results of this study supports existing literature that individuals with delayed-onset PTSD have a higher level of PTSD symptoms after the traumatic event compared with those who do not develop PTSD (Andrews et al., 2009; Dickstein et al., 2010) . Subthreshold PTSD at baseline assessment was strongly associated with delayedonset PTSD (Smid et al., 2009 ). In the current study, the prevalence of delayed-onset PTSD, of all PTSD cases, was higher than the 25% reported in a recent meta-analysis of international data (Smid et al., 2009 ) but is more similar to US data (Adams and Boscarino, 2006; Berninger et al., 2010; Dickstein et al., 2010) . A longitudinal study in the US military assigned 3% of their total sample to a delayed-onset trajectory (Dickstein et al., 2010) ; 3% of the total sample reported delayed-onset PTSD in a US civilian study (Adams and Boscarino, 2006) , and a US study of firefighters exposed to the World Trade Centre Disaster found that 45% of all PTSD cases have delayed onset (Berninger et al., 2010) . In line with the general PTSD literature, there was evidence for a weak association between military rank and delayed-onset PTSD (Iversen et al., 2008; Riddle et al., 2007; Zohar et al., 2009 ). There was no evidence from the current study that reservists were more likely to develop delayed-onset PTSD, even though reservists are at a greater risk of CMD and PTSD after deployment compared with regulars (Fear et al., 2010; Hotopf et al., 2006) . Military personnel who were in a combat role or thought they might be killed on deployment had a higher risk of delayed-onset PTSD, in agreement with previous research (Prigerson et al., 2001; Wolfe et al., 1999) .
Research has shown that CMD (Andrews et al., 2009; Ehlers et al., 1998) and alcohol misuse (Andrews et al., 2009; Port et al., 2001) are risk factors for delayed-onset PTSD. There was further evidence from the current study that deterioration in self-reported physical health, CMD, and alcohol problems paralleled the development of delayed-onset PTSD. Depression may drive the development or persistence of PTSD after a traumatic event (Schindel-Allon et al., 2010) , and there is evidence that depressive symptoms predict an increase in PTSD at a later assessment (Schindel-Allon et al., 2010) . Although we used a broad assessment of CMD in the current study, which includes symptoms of depression, anxiety, social withdrawal, and somatic symptoms (Goldberg et al., 1997) , we showed that CMD (in addition to subthreshold PTSD) at an earlier assessment was associated with delayed-onset PTSD. The current study also suggests that military personnel with delayed-onset PTSD are more likely to report alcohol misuse and psychological comorbidity (Kessler et al., 1995) , which could result in a poorer prognosis and worse psychosocial functioning (Pietrzak et al., 2011) .
Previous research has considered the role of life stressors as a trigger for delayed-onset PTSD, in addition to the prime stressful/ traumatic event that has resulted in PTSD (Andrews et al., 2009 ). The theory proposes that delayed-onset PTSD may result from a cumulative strain of multiple stressors (Andrews et al., 2009) , similar to the stress-sensitivity hypothesis for depression (Hammen, 2005) . In this study, we examined relationship breakdown between phases as a potential stressor, which was not associated with delayed-onset PTSD. Retrospective measures of family relationship adversity and childhood antisocial behavior were associated with delayed-onset PTSD (which has been previously seen [Horesh et al., 2011; Hyman, 2009] ), but these effects diminished after adjusting for other phase 1 measures. Childhood adversity predicts psychopathology in adulthood (Clark et al., 2010) , and adulthood psychopathology may have mediated the association between childhood adversity and delayed-onset PTSD in the current study.
A number of explanations as to why leaving the military might be associated with delayed-onset PTSD have previously been proposed: first, leaving the military could be considered a stressful event (Andrews et al., 2009 ); second, individuals may feel more able to report symptoms of PTSD after leaving the military (Frueh et al., 2000) ; and third, the association could be explained by a theory of ''secondary gain,'' referring to the attention and benefits that the individual may receive as a consequence of PTSD (Jones and Wessely, 2007) . The potential for financial gains as a result of compensation claims or disability benefit FIGURE 2. ROC curve for scores on the phase 1 cumulative measure predicting delayed-onset PTSD. PTSD indicates posttraumatic stress disorder; ROC, receiver operating characteristics. could explain an increase in PTSD symptoms after an individual has left the military (Smid et al., 2009 ), although there is more research on secondary gain and recovery time (Jones and Wessely, 2007) than time of onset. In this study, there was only weak evidence for an association between leaving the military and delayed-onset PTSD; however, the sample of participants who left the military was small.
Strengths and Weaknesses of This Study
The strengths of this study include prospective data from a large UK military cohort, with a satisfactory response rate for a young, mobile, male population (Fear et al., 2010) . There was minimal response bias at phase 2, and nonresponse was accounted for by weighting. For the assessment of delayed-onset PTSD, we used the DSM-IV definition in regard to the timescale from the trauma to PTSD onset (American Psychiatric Association, 2000); PTSD symptoms were initially assessed 6 months or more after deployment and again a number of years later. We have measured the duration from potential trauma to PTSD assessment as from the end of the deployment. This is a conservative approach given that we do not know the exact date of trauma; however, we acknowledge that a trauma may have occurred before this date. We tried to control for further military traumas in our sample by excluding participants who were deployed between the phase 1 and 2 assessments. We accept that other psychological traumas may have occurred between these phases, but these were not assessed in the current study. The measure of change in relationship status is also open to bias because there may have been additional changes in relationship status that could not be captured.
Weaknesses include the self-report nature of the data and a potential recall bias for measures that asked about events while on deployment (Wessely et al., 2003) . The childhood adversity data was also collected retrospectively in adulthood. The sample in the current study was restricted by a range of exclusion criteria, resulting in a reduction in sample size from 6427 to 1397 participants. Because of these restrictions, there is uncertainty regarding the prevalence estimates of normal and delayed-onset PTSD. However, the original and restricted samples were found to be comparable in demographic and military characteristics, suggesting that the main findings from the regression analyses should be generalizable to the UK military. There was a wide window between deployment and phase 1 assessment, and a further limitation is that some of the participants who met the criteria for probable PTSD at phase 1 may have actually had delayed-onset PTSD, resulting in a potential underestimation of cases. We chose the current design to ensure that all cases defined as delayed-onset occurred at least 6 months after the potential trauma (as the conservative option), rather than classifying cases as delayed-onset when they were not. Models adjusted for service, rank, deployment characteristics (in a combat role, and thought might be killed on deployment), history of depression, history of anxiety/panic disorder, childhood adversity (childhood antisocial behavior and family relationship adversities) and general health, alcohol misuse, CMD, and subthreshold PTSD all at phase 1.
c Model was not adjusted for the corresponding phase 1 health measure.
